In the paper Phys. Rev. D83, 054008 (2011) we constructed the ππ scattering amplitude T 0 0 with regular analytical properties in the s complex plane, describing both experimental data and the results based on chiral expansion and Roy equations. Now the results obtained during development of our work are presented. We dwell on questions dealing with the low σ − f 0 mixing, inelasticity description and the kaon loop model for φ → γ(σ + f 0 ) reaction, and show a number of new fits. In particular, we show that the minimization of the σ − f 0 mixing results in the four-quark scenario for light scalars: the σ(600) coupling with the KK channel is suppressed relatively to the coupling with the ππ channel, and the f 0 (980) coupling with the ππ channel is suppressed relatively to the coupling with the KK channel.
I. INTRODUCTION

Study of light scalar resonances is one of the central problems of nonperturbative QCD,
it is important for understanding the chiral symmetry realization way resulting from the confinement physics.
In Refs. [1] we described the high-statistical KLOE data on the φ → π 0 π 0 γ decay [2] in the frame of the kaon loop model φ → K + K − → γ(f 0 + σ) → γπ 0 π 0 [3] [4] [5] [6] [7] simultaneously with the data on the ππ scattering and the ππ → KK reaction. The description was carried out taking into account the chiral shielding of the σ(600) meson [8, 9] and its mixing with the f 0 (980) meson, the data yielded evidence in favor of the four-quark nature of the σ(600) and f 0 (980) mesons.
At the same time it was calculated in Ref. [10] the ππ scattering amplitude in the s complex plane, basing on chiral expansion, dispersion relations, and Roy equations. In particular, the pole was obtained at s = M 
which was assigned to the σ resonance. Aiming the comparison of the results of Refs. [1] and [10] , we built up the S-wave ππ scattering amplitude T 0 0 with I = 0 with correct analytical properties in the complex s plane [11] . Remain that in our model the S matrix of the ππ scattering is the product of the "resonance" and "elastic background" parts:
and we introduced the special S 0 back 0 parametrization to obtain the correct T 0 0 analytical properties (S 0 res 0 had correct analytical properties in Refs. [1] already). In Ref. [11] we successfully described the experimental data and the Ref. [10] results on the real s axis using the constructed ππ amplitude, while the σ pole was located rather far from the Ref.
[10] result. We assumed that this deviation is caused by approximate character of the Roy equations, that take into account only the ππ decay channel. This question will be discussed below in more details.
In this paper we present the enlarged data analysis. We dwell on the minimization of the σ − f 0 mixing, that leads to the four-quark scenario for light scalars: the σ(600) coupling with the KK channel is suppressed relatively to the coupling with the ππ channel, and the f 0 (980) coupling with the ππ channel is suppressed relatively to the coupling with the KK channel [12] . Inelasticity is also crucial for the analysis, here we describe the peculiar behavior of the data up to 1.2 GeV.
In Refs. [1, 11] we used the factor P K , caused by the elastic KK background phase, that allows to correct the kaon loop model, suggested in Ref. [3] , under the KK threshold. Now we investigate how small this correction may be.
The set of new fits and tables is presented in Sec. II. The residues of the ππ scattering amplitude and its resonance part in resonance poles are presented for the first time.
As the analytical background S 0 back 0 is a rather complicated function, in Sec. III we suggest much more simple background parameterization, practically preserving the resonance features, which is comfortable for experimental data analysis, though allows to describe the results of Ref. [10] only on the real s axis.
The conclusion is in Sec. IV.
Note that the S 0 res 0 parameterization and the complicated background parameterization are the same as in Ref. [11] . The modification of the KK background phase is described in Sec. II.
II. DATA ANALYSIS, BACKGROUND WITH THE CORRECT ANALYTICAL PROPERTIES ("COMPLICATED" BACKGROUND)
The measure of the σ − f 0 mixing intensity is the deviation from the ideal picture, when the ππ scattering phase δ 0 0 is equal to 90
• at the σ(600) mass m σ , and equal to 270
• at the f 0 (980) mass m f 0 . We require these phases, δ 0 0 (m σ ) and δ 0 0 (m f 0 ), to be close to their "ideal" values.
Remain that the background phase of the KK scattering, δ KK B , changes the modulus of the KK → π 0 π 0 amplitude under the KK threshold, at m < 2m K , in the amplitude
. In Ref. [11] we define
In the present paper we investigate the influence of P K on the φ → (f 0 + σ)γ amplitude in the f 0 (980) region, m > 850 MeV. We upgrade the parametrization of the δ KK (m), used in Refs. [1, 11] , now the δ
KK B
is parametrized in the following way:
arctan(
Note that the P K also provides pole absence in the analytical continuation of the φ → (f 0 + σ)γ amplitude under the ππ threshold, see Ref. [1] .
The experimental data on the inelasticity η 0 0 , see Fig. 4 , favor the low value near 1.01 GeV and sharp growth up to 1.2 GeV. Below it is shown that it is possible to reach such a behaviour.
Our results for Fits 1-5 are shown in Tables I-VI We introduce 56 parameters, but for restrictions (expresses 5 parameters through others) and parameters (or their combinations), that go to the bound of the permitted range (9 effective links), the effective number of free parameters is reduced to 42. But it is significant that fits describe as the experimental data (65 points), as well as the ππ amplitude from the [10] in the range −5m 2 π < s < 0.64 GeV 2 which is treated along with experimental data.
As in [11] we show resonance poles of the T 0 0 on some unphysical sheets of its Riemannian surface, depending on sheets of the polarization operators Π ab R (s). For this choice of sheets the imaginary parts of pole positions M R would be connected to the full widths of the resonances (2ImM R = Γ R = ab Γ(R → ab)) in case of metastable states, decaying to several channels. Note also that we do not show poles for Fit 2.
One can see that the obtained σ(600) pole positions lie far from Eq. (1). In Ref. [11] we noted, that one of the possible reasons is the approximate character of the Roy equations, that take into account only the ππ channel. As it was shown in the SU (2)×SU (2) linear σ model, Ref. [9] , the residue of the σ pole in the amplitude of the ππ scattering can not be connected to coupling constant in the Hermitian (or quasi-Hermitian) Hamiltonian for it has a large imaginary part. Here we calculate the residues of the amplitude T 0 0 in the σ(600) pole, see Table V , and illustrate this fact in our case. Note that large imaginary part is both in the residues of the full amplitude 
Res T 
here p π = m 2 − 4m 2 π /2. Note that in comparison with Ref.
[1] the function (5) has a left cut. Let us build the χ 2 function. It may be devided into 3 parts:
where the first one is the usual χ 2 function for the experimental data, the second one provides the description of the results [10] , and the third one provides the restrictions.
The χ 2 data is constructed with the help of the same data, as in Ref. [11] , except the δ 0 0 data in the region 2m π < m < 800 MeV, where we use the [10] results. Note that in Table   I we show χ 2 phase , obtained in the full region 2m π < m < 1200 MeV with the "old data" [15] [16] [17] [18] [19] . We impose the following set of restrictions, contributing to χ 2 restr : 1) 85
• < δ 0 res 0 (m σ ) < 95
• and 250
kind of diagonalization that results in the four-quark model scenario.
The maximum is found dynamically (at every calculation of the χ 2 function), the minimum in our situation is at 850 MeV.
3) −0.1 > δ > −1.5, trying to be not far from the result [20] . 4) 0.1 < w < 1; 0.1 GeV < m 2 < 1.5 GeV; 0.5 GeV < Λ 1 < 2.2 GeV; 65 MeV < Λ 2 to provide reasonable form of the |P K | 2 .
To provide, for example, the condition δ > −0.1, we add to χ 2 restr the term
where W is the big number. So till δ > −0.1 the contribution T is equal to 0, but when Table VII 
IV. CONCLUSION
Our investigation shows that the scenario, based on the four-quark model, completely agrees with the current experimental data and theoretical requirements. It is shown that the requirement of the weak σ(600) − f 0 (980) mixing leads to the g σK + K − and g f 0 π + π − suppression, that is predicted by the four-quark model, see Table I .
The behaviour of the factor P K (m), which corrects the kaon loop model, is model dependent. We show that for large enough g 2 f 0 K + K − /4π constant (f.e., 1.5 GeV 2 ) the current data (including the Ref. [10] results) may be well-described with this factor close to 1 at 850
MeV < m , but for smaller values of this constant (f.e., 1 GeV 2 ) the correction increases.
New precise data on the ππ → KK reaction and the inelasticity (η 0 0 ) of the ππ scattering would give an ability to understand more about this factor and reduce the region of possible values of parameters.
The obtaining of the σ pole in Ref. [10] gave the strong argument in favor of the σ(600) existence, but followed efforts aiming the precise determination of the pole are not productive.
The Roy equations are one-channel, that is, are approximate and even slight discrepancy in the amplitude in the physical region may lead to large changes in the complex plane. Remind that the Riemannian surface of the ππ scattering amplitude has many sheets (strictly speaking, infinite number of sheets), and even for relatively narrow f 0 (980) is sometimes a problem to determine on what sheet should we find the pole, see, for example, Fit 2 in Ref. [11] . But even if we obtained the pole precisely, it would give us practically no information on the resonance nature, because it can not be connected to coupling constant in the Hermitian (or quasi-Hermitian) Hamiltonian, see also Ref. [9] , because of large imaginary part.
Besides, the residue of the amplitude in the pole is strongly distorted by the background part of the amplitude, see Tables V and VI, that were not included.
In this investigation we paid more attention to the inelasticity η 0 0 , namely, we tried to reproduce the peculiar behaviour near the threshold, indicated by the experimental data.
Unfortunately, the current data have large errors, so the precise measurement of the inelasticity η 0 0 near 1 GeV in ππ → ππ would be very important.
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